background: This study aims to examine the factors involved in anastomotic leak (AL) following low anterior resection and total mesorectal excision (LAR-TME) and to determine the usefulness of early measurement of the inflammatory biomarkers C-Reactive Protein (CRP) and Procalcitonin (PCT).
Anastomotic leak (AL) following colorectal surgery can be a devastating adverse postoperative event, with an incidence variably reported at between 3 and 39%, overall (1). Systematic analyses have identified the number of patient, disease and surgeon related factors implicated in AL (2 -4) . The long-term consequences of AL following rectal or anal anastomosis include an overall worse functional outcome (5) the occasional need for permanent stoma and potentially higher local recurrence rate in those cases performed for rectal carcinoma (6) . Early diagnosis and treatment of AL is crucial in reducing the likelihood of such an unfavourable outcome or the structural sequelae such as fistula, sinus formation and stricture, each of which can seriously impact the patient's quality of life (7) .
Analysis of the potential risk factors controlling AL after total mesorectal excision will affect operative decision-making including, most importantly, the utilisation of temporary diverting stoma. Many existing studies examining these variables are limited by the retrospective nature of their design and by considerable heterogeneity concerning both the definition of AL itself and the range of its managements once diagnosed (8) . In the current era of fast--track protocols of management following colorectal anastomoses, significant delays in the diagnosis of a potentially life-threatening AL will also substantially increase the length of hospital stay, along with hospital re-admission rates and overall cost (9) . The expected inflammatory response following colorectal surgery has led some groups to focus on specific postoperative inflammatory markers as early predictors for AL (10) . One example is C-reactive protein (CRP), an acute-phase serum reactant induced by an up-regulated postoperative cascade of pro-inflammatory cytokines. In this respect, meta-analyses have shown a high positive and negative predictive value of an elevated CRP in the early postoperative period for broad infectious complications following colorectal surgery (11) as well as for the specific prediction of AL (12) . Procalcitonin (PCT) has emerged as a sensitive marker for the diagnosis and monitoring of sepsis (13) and has been shown to have a high negative predictive value for AL in the early postoperative period (14) . The aims of this study are to define the risk factors for AL in an unselected cohort of patients undergoing restorative low proctectomy with covering proximal diversion following total mesorectal excision (TME) and to examine the diagnostic value of postoperative CRP and PCT measurements in the prediction of AL.
MAterIAls And Methods
Ethical permission was obtained from the local hospital ethics committee for the conduct and analysis of the study with prospective collation of data and blood sampling. Data for analysis from 100 unselected patients undergoing low anterior resection with total mesorectal excision (LAR-TME) were obtained between January postoperative days.
Fig. 3.
Receiver operating characteristic (RoC) curves for C-Reactive Protein (mg/L) (Left-hand image) and Procalcitonin -PCT (ng/mL) (Right-hand image) for diagnosis of anastomotic leakage (AL) on the 3rd and 6th postoperative days.
Fig. 4.
Comparative receiver operating characteristic (RoC) curves for C-Reactive Protein (mg/L) and Procalcitonin -PCT (ng/mL) for diagnosis of anastomotic leakage (AL) on the 3rd (Lefthand image) and 6th (Right-hand image) postoperative days. Figure 2 ) shows a significant difference between AL and non-AL cases on both the 3rd (0.5 ng/mL vs 0.2 ng/mL, respectively; P < 0.0001) and the 6th (1.16 ng/mL vs 0.1 ng/mL; P < 0.0001) postoperative days. In non-AL cases, there is a slight fall in PCT concentration over time, whereas PCT level rises by the 6th postoperative day in patients with AL, although this increase was not statistically significant. Figure 3 shows ROC curves generated for CRP and PCT on both postoperative days. For CRP, there was a cut-off of 120 mg/L for the diagnosis of AL on the 3rd postoperative day with a sensitivity/ specificity pairing of 75% and 75%, respectively (P < 0.0001). On the 6th postoperative day, the CRP cut-off was 96 mg/L with a sensitivity/specificity pairing of 80% and 71%, respectively (P=0.0007). AL cut-off for PCT was calculated at 2.4 ng/mL on the 3rd postoperative day resulting in a sensitivity/specificity pairing of 85% and 60%, respectively. PCT cut-off for diagnosis of AL decreased by the 6th postoperative day down to 0.7 ng/mL resulting in a sensitivity/specificity pairing of 65% and 91%, respectively. Both CRP and PCT demonstrated a particularly high NPV for the diagnosis of AL on the 3rd postoperative day (92.3% vs 94.2%, respectively) as well as on the 6th postoperative day (93.4% vs 91.3%, respectively). The comparative area under the curve (AUC) estimates between CRP and PCT was similar (Figure 4 ) where on the 3rd postoperative day,AUC for CRP was 0.75 and that for PCT was 0.77 (P=0.75). Comparative AUCs on the 6th postoperative day for CRP and PCT were 0.77 and 0.75, respectively (P=0.8).
dIscussIon
A number of studies have examined the principal factors implicated in AL following LAR-TME (17-20) as well as the clinical vaal risk factors with a multivariate analysis conducted to determine their statistical independence. Logistic regression was then used on independent variables for comparison. Receiver operating characteristic (ROC) curves were generated creating sensitivity/specificity pairs for varying decision thresholds of both biomarkers on the 3rd and the 6th postoperative days with the calculation of positive (PPV) and negative predictive values (NPV) and relative areas under the curve (AUC). Р values <0.05 were considered significant.
results Table I shows the demographic characteristics of the study cohort, which included 54 females (mean age 62.4± 9.2 years). Over one--quarter of the cases underwent neoadjuvant therapy with 23% described as obstructing or near-obstructing tumours. Nine cases underwent on-table colonic lavage for complete or incipient obstruction with 17 receiving perioperative transfusion. 81 patients underwent straight colorectal anastomosis with 19 patients having a Baker-style side-to-end restorative proctectomy and 31 patients requiring anastomotic suture line reinforcement. In 7 cases, synchronous non-anatomical wedge resections of hepatic metastases were performed. Table II outlines the postoperative Clavien-Dindo classification for the patient cohort with 58 complications occurring overall in 27 of the cases. The majority of complications were Grade I or II in nature requiring basic pharmacological interventions and simple non-operative therapies. There were 2 patients presenting with an early adhesive small bowel obstruction who required repeat laparotomy and adhesiolysis. One case required a second laparotomy because of retraction of the ileostomy with localised peritonitis. This latter patient required drainage, peritoneal lavage and refashioning of the stoma. There were two postoperative deaths. In one case, there was a significant leak from the stump end of a side-to-end anastomosis with concomitant pelvic sepsis. Repeat laparotomy performed on the 9th postoperative day with anastomotic resection and exteriorisation was unsuccessful with the patient dying of multi-organ failure. In the other case, the patient developed multi-organ failure and generalised sepsis most likely originating from a deep wound infection in the absence of either clinical or radiological signs of an AL.
Water-soluble contrast enema detected contrast extravasation in 9 patients whose postoperative course was uneventful and in no case where there was a demonstrable radiological leak in the absence of clinical features suggestive of an AL, was there any therapeutic requirement. A clinically significant AL developed in 11 patients, 7 of whom had a Grade B complication and 4 of whom were Grade C in type. Of the Grade B cases, all were managed successfully with intravenous antibiotics and with trans-anal, trans--anastomotic drainage and irrigation. Two of the Grade C patients underwent anastomotic resection with Hartmann procedure of the rectal stump and an end colostomy. The other 2 cases underwent a repeat laparotomy with abdominal lavage and intra-peritoneal drainage only without the need for dismantling of the anastomosis. fast-track surgery. This approach would favour the use of a specific exclusionary threshold rather than an expected decrement in the biomarker used where it has been suggested that absolute values might be more accurate than the kinetics of a measurable trend (35) . Studies would suggest also that a too early measurement of markers like CRP could limit diagnostic accuracy, where there is an initial postoperative generic 'inflammatory noise' that reduces both the specificity and PPV of any given test. The usefulness of such a biomarker as suggested in our study is then in the exclusion of the diagnosis of AL and is therefore best reflected in its NPV.
The dynamics of postoperative Procalcitonin (PCT) are slightly different to those of CRP, with similar findings as in our study (14, 34) . Early elevation of measurable PCT (on the first or second postoperative days, for example), will be non-specific and reflect bacterial contamination or translocation secondary to bowel preparation. The PREDICS study (14) noted higher PCT levels on the 5th postoperative day than were found in our study on the 6th postoperative day, with Zawadski et al. (32) also showing higher early PCT levels in their AL cases than noted in our study. Some authors have found that PCT adds no diagnostic value for an AL (14, 35) whereas others have suggested that it is a better AL predictor when compared with CRP (36) .
There are several limitations to our study. Firstly, its retrospective nature (despite prospective accumulation of data), confers a bias in reporting the incidence of postoperative complications. The prevalence of AL in our patients is in keeping with other reports, however, suggesting that there has not been an AL overestimation or a selection bias. Lack of clinician blinding to elevated biomarkers may have, however, led to a more intensive investigation of these cases creating an additional reporting bias. Once biomarkers have been chosen for clinical use in the diagnosis of AL, despite differences in their postoperative kinetics, the timing of assays appears to be as critical as is the consensus cut-off value. In this setting, NPV for an agreed cut-off level needs to be sufficiently high to be effective in deciding about postoperative hospital discharge. By contrast, the measurement of novel agents such as calprotectin, intestinal fatty acid binding protein and peritoneal fluid cytokines (10, 37) will rely on acceptable PPV values in order to judge their effectiveness as markers for the diagnosis of AL and to guide operative re-intervention. The kinetics of CRP and PCT following rectal resection and anastomosis will also most likely significantly differ between open and minimally invasive approaches and these varying postoperative stress responses will need to be determined in future studies.
lue of diverting stoma (21, 22) . Our rate of symptomatic leakage (11%) is in line with other reports (19, 20, 23) , with Tortorelli et al. (20) also reporting an adverse effect on AL with perioperative blood transfusion, and Bertelsen et al. (17) with perioperative blood loss. The expanded use of minimally invasive techniques for LAR-TME will also significantly impact upon the amount of perioperative blood loss and may indirectly affect AL risk. Male gender in particular, as has been reported in our study, is associated with a greater risk of AL in line with other reports (17, 24) , where it has been independently suggested that a more selective decision for temporary protective stoma can be made in female cases (25) . Similar to our study, there has been no report of a deleterious effect on the integrity of low rectal anastomoses imposed by preoperative radiation or by neoadjuvant chemoradiation (26) .
Smokers had a higher risk of AL upon univariate analysis but this disappeared in multivariate analysis. Others have reported similar findings where Sorensen and colleagues have suggested that prolonged preoperative cessation of smoking is likely to have a beneficial impact (27, 28) .
In general, the decision for temporary protective stoma is not made independently of anastomotic height. The principal risk factor for AL is the distance of anastomosis from the anal verge where the lower the anastomosis, the greater the risk (17, 18, 20, 23) . Utilisation of stoma reduces the risk for reoperation after anastomosis as well as clinical consequences of the leak and ultimately chances of permanent stoma. Its use does not, however, eliminate the likelihood of AL itself (29) . Debate is continued, concerning the best type of proximal diversion; namely loop ileostomy vs transverse colostomy. Trial data are conflicting, where in some randomised controlled trials comparing the two techniques, there is an advantage concerning the reported incidences of stoma-related complications and the need for surgical revision for either loop ileostomy (30) or alternatively, for transverse colostomy (31).
Findings similar to ours, concerning the pro-inflammatory biomarker CRP have been reported by Zawadski et al. (32) but with slightly higher discriminatory values for AL in their study by the 3rd postoperative day. An almost identical level of CRP and its postoperative timing and sensitivity for the diagnosis of AL was recently reported by Scepanovic et al (33) . Several studies have compared CRP at different time points following colorectal surgery (12) where Cousin et al. (34) found a greater discrimination with CRP for AL diagnosis by the 5th postoperative day. Such timing might be too late, however, for surgical teams, which discharge their patients earlier than this time point as part of their policy of
